Endometrial cancer (EC) is a common form of cancer in women. Metastasis is the main cause of EC treatment failure. Eukaryotic translation initiation factor 4E (eIF4E) is an oncogene that is overexpressed in a variety of malignancies and their distant metastases. The present study analyzed microarray data from the Oncomine database and revealed that high eIF4E expression was associated with poor prognosis and high pathological grade of EC. The expression of eIF4E was higher in EC tissues compared with in adjacent normal tissues. In addition, microRNA (miR)-320a and miR-340-5p expression levels were downregulated in EC tissues compared with those in adjacent normal tissues, which suggested that these microRNAs may serve as EC tumor suppressor genes. miR-320a and miR-340-5p could bind to the 3'-UTR of eIF4E mRNA, thus downregulating the expression of eIF4E and phosphorylated (p)-eIF4E in EC cells. Overexpression of miR-320a or miR-340-5p effectively suppressed HEC-1A cell migration and invasion. The downregulation of eIF4E and p-eIF4E following miR-320a or miR-340-5p transfection reduced the invasiveness and metastatic capability of EC cells in a manner associated with decreased expression of matrix metallopeptidase (MMP)-3 and MMP-9. In addition, one of the effects of transforming growth factor β1 (TGF-β1), which is to induce the phosphorylation of eIF4E, was suppressed by miR-320a and miR-340-5p overexpression. These two microRNAs also attenuated the features of TGF-β1-induced epithelial-mesenchymal transition (EMT). In conclusion, the results of the present study demonstrated that eIF4E was upregulated in EC, whereas miR-320a and miR-340-5p were downregulated in EC compared with adjacent normal tissues. In vitro, miR-320a and miR-340-5p inhibited the migratory capability of EC cells by downregulating MMP-3 and MMP-9 and prevented TGF-β1-induced EMT through p-eIF4E.
Introduction
Endometrial cancer (EC) is the most common malignancy of the female reproductive system, causing 76,000 deaths every year worldwide (1) . Despite major advances in EC diagnosis and treatment strategies, metastasis is a significant clinical challenge and represents the main cause of EC mortality; in patients with EC without metastatic disease, the 5-year overall survival ranges between 74 and 91% (2), whereas patients with stage III or IV EC exhibit 5-year overall survival rates of 57-65 and 20-26%, respectively (1) . Thus, understanding the underlying mechanisms of metastatic disease may help in the development of more effective therapeutic strategies for EC.
Eukaryotic translation initiation factor 4E (eIF4E) is the most important component of the eukaryotic translation initiation complex eIF4F. At the initiation of translation, eIF4E binds to the 5'-7-methylguanosine cap structure of an mRNA, connects it to the ribosome and enables translation (3) . In addition to cap-dependent protein synthesis, eIF4E also contributes to malignancy as mRNAs regulated by eIF4E generally encode key proteins involved in cell proliferation, angiogenesis, survival and malignant transformation [e.g. cyclin D1, c-MYC, vascular endothelial growth factor and matrix metallopeptidase 9 (MMP-9)] (4). As an oncogene, eIF4E has been demonstrated to be upregulated in a variety of malignancies, such as breast (5) , colorectal (6) and prostate (4) eIF4E-related miR-320a and miR-340-5p inhibit endometrial carcinoma cell metastatic capability by preventing TGF-β1-induced epithelial-mesenchymal transition cancer, but its role in EC remains to be elucidated. A previous study has revealed that eIF4E is more frequently upregulated in EC extending outside the uterus (FIGO stage III/IV vs. I/II, and downregulation of eIF4E by small interfering (si)RNA significantly reduced the proliferation of HEC-1A cells (7) . These findings suggested that eIF4E may serve an important role in the metastasis of EC and may represent a potential anti-metastatic therapeutic target. The epithelial-mesenchymal transition (EMT) is an important mechanism in tumor metastasis that is triggered by the activation of transcription factors such as Snail family transcriptional repressor 1 (Snail), Twist-related protein 1, Snail family transcriptional repressor 2, forkhead box C2, SOX4 and zinc finger E-box-binding homeobox (8) . These activated transcription factors downregulate the epithelial marker E-cadherin, as well as polarity-related proteins, such as lethal giant larvae 2 (9, 10) , and upregulate mesenchymal markers such as N-cadherin and vimentin (11) . The transcriptional events controlling EMT are well characterized, but the associated post-transcriptional mechanisms have not been clearly elucidated (12) . A previous study has demonstrated that phosphorylation of eIF4E promotes transforming growth factor β1 (TGF-β1)-mediated EMT via Snail and MMP-3 translation activation of (9) , suggesting that eIF4E may serve an important role in the translational control of EMT.
MicroRNAs (miRNAs) are an abundant class of small regulatory RNAs in animals and plants that serve important regulatory roles by interacting with the 3'-untranslated region (3'-UTR) of target mRNAs for cleavage or translational repression (13) . A number of studies have demonstrated that miRNAs serve important roles in cell proliferation, apoptosis, migration, chemosensitivity and radio-resistance (14) (15) (16) (17) (18) , and recent findings have revealed that miRNAs also regulate EMT in various tumor cells. In hepatocellular carcinoma, miRNA (miR)-199b-5p attenuates TGF-β1-induced EMT by directly targeting N-cadherin (19) , whereas miR-190 suppresses TGF-β1-induced EMT by targeting SMAD2 in breast cancer (20) . Although several miRNAs have been demonstrated to regulate EMT and metastasis of EC, the roles of miR-320a and miR-340-5p in EC have not yet been fully elucidated.
The present study aimed to investigate the expression of eIF4E, miR-320a and miR-340-5p in EC and identify their interactions. The effects of miR-320a and miR-340-5p on cell metastatic potential and EMT were further investigated in EC cells.
Materials and methods
eIF4E gene expression data from patients with EC in the Oncomine database. The Oncomine database (https://www. oncomine.org/resource/login.html) was used to mine the data of eIF4E gene expression in EC using the key words ʻeIF4Eʼ and ʻendometrial carcinomaʼ. For the Kaplan-Meier survival analysis, patients with eIF4E expression values below the 20th percentile were classified as having low eIF4E levels.
Endometrial cancer tissues. Between August 2016 and July 2017, eight pairs of EC and adjacent normal tissues (≥2 cm from the tumor edge), were collected from eight patients who underwent hysterectomy at the Affiliated Hospital of Binzhou Medical University. All samples were diagnosed by surgical-pathology or biopsy. The tissues were snap-frozen in liquid nitrogen and stored at -80˚C for later experiments, including RNA extraction and western blotting. This study was approved by the Medical Ethics Committee of Binzhou Medical University (approval no. 2016-21). Informed consent was obtained from all patients prior to the collection of samples.
Cell culture. The human EC cell line HEC-1A was purchased from the Shanghai Institute of Cell Biology. The human EC cell lines Ishikawa and RL95-2 were obtained from Dalian Medical University. HEC-1A, RL-952 and Ishikawa cells were cultured in McCoy's 5A (Beijing Macgene Biotechnology Co., Ltd.), DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.) and RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) medium, respectively. The media were supplemented with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 100 U/ml penicillin-streptomycin (Sigma-Aldrich; Merck KGaA) at 37˚C with 5% CO 2 and saturated humidity. miRNA transfections. EC cells (HEC-1A and RL95-2) at the logarithmic growth phase were seeded in 6-well plates at 3x10 5 cells/well. Transfection was performed in triplicate at 50-60% confluency using 1 µg miRNA mimics, mutation mimics (mu-320a or mu-340-5p), siRNA or an eIF4E-encoding vector (Sino Biological, Inc.) in 2.5 µl Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). The sequences of the miRNA mimics were as follows: miR-320a sense, 5'-AAA AGC UGG GUU GAG AGG GCG-3' and antisense, 5'-GCC CU CUC AAC CCA GCU UUU UU-3'; miR-340-5p sense, 5'-UUA UAA GCA AUG AGA CUG AUU-3' and antisense, 5'-UCA GUC UCA UUG CUU UAU AAU U-3'. The mimics were synthesized by Shanghai GenePharma Co., Ltd. The sequences of si-eIF4E were sense, 5'-GCU UCU GUA UUC UAA UCU AAU-3' and antisense, 5'-UAG AUU AGA AUA CAG AAG CUU-3', synthesized by Shanghai GeneChem Co., Ltd. Transfection was performed according to the manufacturer's instructions at room temperature; the transfection complex were replaced with complete medium 6-8 h post-transfection, and the cells were incubated for 24-48 h at 37˚C prior to subsequent experiments. For experiments involving TGF-β1 treatment, various concentrations of TGF-β1 (5, 10 and 20 ng/ml; Sino Biological, Inc.) were added to treat EC cells for 48 h.
Reverse transcription-quantitative PCR (RT-qPCR).
Total miRNA of endometrial adenocarcinoma cells (HEC-1A and RL95-2) was isolated by RNAiso Plus (Takara Bio, Inc.), and polyA was added using a polyA polymerase (Ambion; Thermo Fisher Scientific, Inc.). cDNA was synthesized using PrimeScriptÔ RT reagent Kit with gDNA Eraser (Takara Bio, Inc.) with the RT primer 5'-AAC ATG TAC AGT CCA TGG ATG d(T)30N(A, G, C or T)-3' at 42˚C for 15 min, and qPCR was performed to detect miR-320a and miR-340-5p. Primers used for amplification were as follows: miR-320a forward, 5'-AAA AGC TGG GTT GAG AGG-3' and reverse, 5'-AAC ATG TAC AGT CCA TGG ATG-3'; miR-340-5p forward, 5'-AAG CAA TGA GAC TGA TT-3' and reverse, 5'-AAC ATG TAC AGT CCA TGG ATG-3'; human 5S rRNA forward, 5'-GCC ATA CCA CCC TGA ACG-3' and reverse, 5'-AAC ATG TAC AGT CCA TGG ATG-3'. A SYBR ® Premix Ex Taq kit (Takara Bio, Inc.) was used according to the manufacturer's instructions. The expression levels of the two miRNAs were measured by the RG3000 system (Corbett Life Science; Qiagen, Inc.) using the following thermocycling conditions: Initial denaturation at 95˚C for 3 min, followed by 40 cycles of denaturation at 95˚C for 20 sec, annealing at 56˚C for 20 sec and an extension at 72˚C for 20 sec. Fluorescence was detected at 585 nm, and the cycle threshold (Ct) was recorded. Human 5S rRNA served as a control. The relative expression of miR-320a and miR-340-5p was normalized to that of 5S rRNA, and the experiments were repeated three times in triplicate. The results ware quantified using the 2 -ΔΔCq method (21) .
Wound-healing assay. HEC-1A cells were seeded into 12-well plates at 1.5x10 5 cells/well and cultured to 90% confluency the next day. Subsequently, these cells were subjected to an in vitro wound-healing assay; a sterile 10 µl pipette tip was used to scratch the confluent cell monolayer, the cells were washed, suspended in using PBS and incubated in serum-free McCoy's 5A medium at 37˚C. Images were captured using an inverted light microscope (x100 magnification; Leica Microsystems GmbH) at 0, 24 and 48 h of incubation. The rate of migration was measured by quantifying the distance that the HEC-1A cells moved from the edge of the scratch toward the center of the scratch (marked by dotted lines).
Transwell cell migration assays. HEC-1A or RL-952 cells were treated with miRNA mimics for 24 h. A total of 100 µl cell suspension was added to the upper chamber of the Transwell insert (Corning, Inc.) at a concentration of 5x10 5 cells/ml diluted with serum-free McCoy's 5A medium, whereas medium with 20% fetal calf serum was added to the lower chamber. At 24 h, the liquid in the upper chamber was removed, the surface was washed with PBS, the non-migrated cells were removed with a cotton swab, 600 µl 4% methanol was added to fix the cells (20 min at room temperature), and 600 µl 0.1% crystal violet (Sigma-Aldrich; Merck KGaA) was added to stain the cells (15 min at room temperature). The number of migrated cells was counted under an inverted light microscope (x200 magnification; Leica Microsystems GmbH); the average number of migrated cells was determined by quantification in five random fields. The migratory ability of the cells was determined based on the number of transmembrane cells.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
For the MTT assay, 1x10 4 HEC-1A and RL95-2 cells/well were cultured in 96-well plates. The following day, cells were treated with the miR-320a or miR-340-5p mimics and control oligomers for 48 h. Each group was tested in six replicates. Subsequently, 10 µl MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA) was added to each well and incubated for 4 h, followed by the addition of 100 µl DMSO (Sigma-Aldrich; Merck KGaA). The optical density (OD) was measured using an auto-microplate reader (Thermo Fisher Scientific, Inc.) at 490 nm.
Detection of apoptosis. Apoptosis was measured by fluorescence-activated cell sorting (FACS). Cells (HEC-1A and RL95-2) were cultured in 6-well plates at 3x10 5 cells/well and treated with miRNA mimics or control oligomers when the confluency reached 70% the next day. Detection of apoptosis was performed at 48 h using an Annexin V-FITC/PI apoptosis detection kit (BD Biosciences) according to the manufacturer's instructions. The cells were analyzed using a flow cytometer (Beckman Coulter, Inc.), and the CytExpert 1.2.11.0 software (Beckman Coulter, Inc.) were used for data analysis.
Construction of the pcDNA-GFP-eIF4E-3'UTR vector. The sequence of the eIF4E 3'-UTR was obtained from GenBank and was amplified by PCR from human genomic DNA (extracted from whole human blood). The primer sequences were as follows: eIF4E 3'-UTR forward, 5'-CCC AAG CTT TCA TTC GCC TTT GTC TTG TA-3' and reverse, 5'-CGG GGT ACC TGG CAG GTG CTT GTA GTC-3'. The eIF4E 3'-UTR was then inserted into a pcDNA3.1-GFP-neo (+) (GenScript Biotech, Inc.) expression vector.
Western blotting. Cells (HEC-1A or RL95-2) were lysed with RIPA lysis buffer containing a protease inhibitor cocktail (cat. no. S8820; Sigma-Aldrich; Merck KGaA) for 30 min on ice. The protein concentrations were measured using the bicinchoninic acid assay, and the protein (35 µg/lane) was subjected to SDS-PAGE (10%) and transferred onto PVDF membranes. Subsequently, the membranes were blocked with 7% fat-free milk and were immunoblotted overnight at 4˚C with antibodies against eIF4E (1:1,000; cat. no. BS3432), p-eIF4E (1:1,000; cat. no. BS5015), α-smooth muscle actin (α-SMA; 1:1,000; cat. no. BS70000; all from Biogot Technology Co., Ltd.), MMP-3 (1:400; cat. no. bs-0413R; Bioss), MMP-9 (1:400; cat. no. bs-4593R; Bioss), E-cadherin (1:1,000; cat. no. 20874-1-AP; Proteintech Group, Inc) and Snail (1:1,000; cat. no. 13099-1-AP; Proteintech Group, Inc). GAPDH (1:3,000; cat. no. AP0063; Biogot Technology Co., Ltd.) was used as a control. Following washing with TBS + Tween-20 (0.1%), the membranes were incubated with horseradish peroxidase-labeled goat anti-rabbit IgG (1:5,000; cat. no. ZB-2301; Beijing Zhongshan Golden Bridge Technology Co., Ltd.) for the detection of primary antibodies. The membranes were visualized with ECL (Shanghai Novland Co., Ltd.), and images were captured using an automatic chemiluminescence image analysis system (Tanon Science and Technology Co., Ltd. Results eIF4E is upregulated in EC tissues and is associated with poor clinical outcomes, whereas miR-320a and miR-340-5p are downregulated in EC tissues. The expression profile of eIF4E in human EC was investigated using patient datasets from the Oncomine database. Data analysis revealed that high eIF4E expression levels in EC tissues were associated with reduced overall survival ( Fig. 1A) and a high pathological grade (Fig. 1B) . To validate this result, eIF4E protein expression was determined in eight pairs of EC and normal adjacent tissues by Western blotting. The results demonstrated that eIF4E expression levels in EC tissues were significantly higher compared with those in normal adjacent tissues (Fig. 1C and D) . To explore their potential role in EC, the levels of miR-320a and miR-340-5p were measured by RT-qPCR in eight paired EC and adjacent tissues. Of note, miR-320a and miR-340-5p expression levels were significantly decreased in EC tissues compared with those in adjacent normal tissues ( Fig. 1E and F) . Correlation analysis indicated that the expression levels of miR-320a and miR-340-5p were inversely correlated with eIF4E expression ( Fig. 1G and H) . Collectively, these results suggested that eIF4E may function as a tumor promoter in EC. eIF4E is overexpressed, whereas miR-320a and miR-340-5p are downregulated in HEC-1A and RL95-2 EC cell lines. eIF4E expression was analyzed by western blotting in three endometrial cancer cell lines: HEC-1A, Ishikawa and RL95-2 cells. The expression of eIF4E was high in HEC-1A and RL95-2 cells, but low in Ishikawa cells ( Fig. 2A and B) . The expression levels of miR-320a and miR-340-5p in the three human EC cell lines were measured by RT-qPCR; miR-320a and miR-340-5p were downregulated in HEC-1A and RL95-2 compared with Ishikawa cells (Fig. 2C and D) . Based on these results, it was hypothesized that this heterogeneity was due to the degree of differentiation in the three cell lines. eIF4E is a direct target of miR-320a and miR-340-5p. To investigate whether miR-320a and miR-340-5p were involved in regulating eIF4E expression, the potential miRNAs that target the 3'-UTR of eIF4E mRNA were determined. Based on the results of the online miRNA analysis software TargetScan, target sites for miR-320a and miR-340-5p were identified in the 3'-UTR of eIF4E (Fig. 3A) . Treatment of HEC-1A cells with miR-320a or miR-340-5p mimics significantly increased their corresponding miRNA levels, as determined by RT-qPCR ( Fig. 3B ). Subsequently, a pcDNA expression vector encoding GFP-eIF4E-3'-UTR was co-transfected with miR-320a or miR-340-5p mimics into HEC-1A cells. Fluorescence microscopy revealed that the fluorescence intensity was significantly decreased in miR-320a and miR-340-5p mimic-treated cells compared with that in controls ( Fig. 3C ). Flow cytometry also demonstrated that the fluorescence decreased significantly in miR-320a and miR-340-5p mimic-treated cultures compared with that in the control groups (Fig. 3D ). Western blotting confirmed that miR-320a and miR-340-5p mimics reduced the protein expression levels of not only eIF4E, but also p-eIF4E in HEC-1A cells (Fig. 4A-D) . These experiments were repeated in RL95-2 cells, which confirmed the results obtained in HEC-1A cells (Fig. 4E-H) . These results indicated that the eIF4E-3'UTR was directly targeted by miR-320a and miR-340-5p.
Overexpression of miR-320a or miR-340-5p inhibits EC cell viability and migration.
Considering that high expression of eIF4E is associated with the prognosis and grade of EC, the present study investigated whether miR-320a and miR-340-5p may reduce the metastatic capability of EC cells. Either miR-320a or miR-340-5p mimic treatment in HEC-1A cells reduced the number of cells that migrated to the lower chamber in the Transwell assay; however, no effect was observed in RL95-2 cells (Fig. 5A-D) . The results of the wound-healing assay also demonstrated that miR-320a or miR-340-5p mimics significantly decreased the migration in HEC-1A cells ( Fig. 5E and F) .
To further investigate the proliferation inhibitory effect of miR-320a and miR-340-5p in EC cells, MTT and apoptosis detection assays were performed. miR-320a and miR-340-5p mimics inhibited RL95-2 cell proliferation, but did not affect HEC-1A cells ( Fig. 5G and H) . In addition, flow cytometric analysis of apoptosis indicated that miR-320a and miR-340-5p mimics induced apoptosis in RL95-2 cells, but had no effect on apoptosis in HEC-1A cells ( Fig. 5I and J) .
miR-320a and miR-340-5p mimics suppress MMP-3 and MMP-9 expression in HEC-1A cells. MMP-3 and MMP-9
expression levels were determined to explore the mechanisms involved in reduced cell migration and invasion following either miR-320a or miR-340-5p mimic treatment. As demonstrated in Fig. 6 , MMP-3 and MMP-9 protein levels were attenuated, suggesting that the reduced level of MMP-3 and MMP-9 following miR-320a or miR-340-5p mimic treatment may account, at least in part, for the anti-migratory effects of miR-320a and miR-340-5p mimics.
miR-320a and miR-340-5p mimics suppress TGF-β1-induced EMT and change p-eIF4E expression in EC cells. HEC-1A cells were treated with different concentrations of TGF-β1 .001 and **** P<0.0001. eIF4E, eukaryotic translation initiation factor 4E; miR, microRNA; negative, mock transfections; scrambled, cells treated with scrambled control miRNA mimics; miR-320a or miR-340-5p, cells treated with miR-320a or miR-340-5p mimics; mu-320a or mu-340-5p, cells treated with mutation sequence of mutant-miR-320a or mutant-miR-340-5p; siRNA-eIF4E, small interfering RNA targeting eIF4E. (G) HEC-1A cell proliferation according to the MTT assay. (H) RL95-2 cell proliferation according to the MTT assay; the OD at 490 nm was lower in either the miR-320a or miR-340-5p mimic-treated RL95-2 cells compared with that in the negative, scrambled or mutant control groups. (I) Flow cytometry analysis of either miR-320a or miR-340-5p mimic-induced apoptosis in HEC-1A cells. (J) Flow cytometry analysis of either miR-320a or miR-340-5p mimic-induced late apoptosis in RL95-2 cells. The number of apoptotic cells was increased in miR-320a-or miR-340-5p mimic-treated cells compared with those in the negative, scrambled or mutant control groups. **** P<0.0001; NS, no significant difference. miR, microRNA; negative, mock transfections; scrambled, cells treated with scrambled-oligomer control RNA; miR-320a or miR-340-5p, cells treated with miR-320a or miR-340-5p mimics; mu-320a or mu-340-5p, cells treated with mutated sequences of miR-320a or miR-340-5p; OD, optical density.
(0, 5, 10 and 20 ng/ml) for 48 h. The expression of p-eIF4E was significantly enhanced by 10 ng/ml TGF-β1 ( Fig. 7A-C ), but this upregulation was suppressed when the cells were treated with miR-320a or miR-340-5p mimics (Fig. 7D-F) . In terms of cell morphology, following 10 ng/ml TGF-β1 treatment for 48 h, HEC-1A cells exhibited fibroblast-like features; by contrast, a cobblestone-like appearance was observed in the control, miR-320a mimic + TGF-β1 and miR-340-5p mimic + TGF-β1 groups (Fig. 7G ). An eIF4E-encoding vector co-transfected with either miR-320a or miR-340-5p into HEC-1A cells blocked the effects of miR-320a and miR-340-5p on cell morphology (Fig. 7G) . To further assess the effects of miR-320a and miR-340-5p on the biological outcomes of EMT in HEC-1A cells, a wound-healing assay was performed; TGF-β1 promoted EC cell migration, whereas treatment with either miR-320a or miR-340-5p mimics prevented TGF-β1-induced cell migration ( Fig. 7H and I) .
miR-320a and miR-340-5p mimics attenuate the TGF-β1induced EMT marker expression in EC cells. To further explore the effects of miR-320a and miR-340-5p on the inhibition of EMT, HEC-1A cells transfected with either miR-320a or miR-340-5p mimics were exposed to TGF-β1 for 48 h, and EMT markers were subsequently assessed by western blotting. TGF-β1 suppressed the expression of the epithelial marker E-cadherin and enhanced the expression of the mesenchymal markers Snail and α-SMA ( Fig. 8A-D) . A siRNA targeting eIF4E exhibited similar results to those observed following miR-320a and miR-340-5p mimic treatments ( Fig. 8E and F) .
Discussion
EC is the most common type of female reproductive system cancer and accounts for 4.8% of all cancers diagnosed in women (1) . The mechanisms underlying metastasis, which is the main cause of EC treatment failure, have not been elucidated. Thus, a clearer understanding of metastasis is critical for the development of new therapeutic strategies for treating EC.
The miRNA-mediated regulation has complex cellular outcomes, as miRNAs can be involved in cell proliferation, apoptosis, invasion and migration (22, 23) . First identified as a potential modulator of aquaporin 1 and aquaporin 4, miR-320a also serves a role in cerebral ischemia (24) . In metastatic colon cancer tissues and cells within the liver, miR-320a is downregulated, and its levels are associated with tumor progression in colorectal cancer (25) . Additionally, miR-320a inhibits the proliferation of human colon cancer cells by directly targeting β-catenin (26) . In non-small cell lung cancer, miR-320a suppresses cell migration and invasion through the PI3K/Akt signaling pathway by inhibiting the expression of E74-like ETS transcription factor 3 (16) . Another miRNA that plays a role in a variety of tumors is miR-340-5p (also termed miR-340). In cervical cancer, miR-340 expression is downregulated compared with that in normal tissues, and miR-340 inhibits cervical cancer metastasis through targeting Ephrin type-A receptor 3 (27) . In breast cancer, miR-340-5p inhibits the proliferation and drug resistance and increases the apoptosis of breast cancer cells by downregulating the expression of leucine-rich repeat-containing G protein-coupled receptor 5 via the Wnt/β-catenin pathway (28) . In the present study, miR-320a and miR-340-5p expression levels were downregulated in EC tissues compared with those in adjacent normal tissues, and miR-320a or miR-340-5p mimics inhibited the migration and invasion of EC cells in vitro by downregulating eIF4E. In addition, miR-320a and miR-340-5p mimics exhibited different effects on different EC cell lines; HEC-1A migration was significantly affected by miR-320a or miR-340-5p, whereas RL95-2 cell migration was not. By contrast, miR-320a or miR-340-5p mimics exhibited effects on RL95-2 cell proliferation and apoptosis, which may have been a result of the different degrees of differentiation and different phenotypic characteristics of the two EC cell lines. Upregulation of eIF4E, a translation initiation factor, has been previously detected in many human tumors. Specifically, eIF4E has been associated with disease progression, cellular transformation, tumorigenesis and metastasis in experimental models (29) . Choi et al (7) first reported that the positive rate of eIF4E expression is higher in metastatic EC and promotes the proliferation of HEC-1A cells in vitro. Additionally, another study demonstrated that eIF4E levels were higher in EC specimens compared with those in hyperplastic or normal endometrial tissue specimens (30) . In the present study, analysis of the Oncomine database revealed that high eIF4E expression was associated with a poor prognosis and a high pathological grade of EC.
The results of the present study demonstrated that either miR-320a or miR-340-5p mimics downregulated the expression levels of MMP-3 and MMP-9 by targeting eIF4E. MMP-3 has been reported to be involved in vascular invasion and metastasis of EC through EMT (31) . The translation of MMP-9 mRNA has been demonstrated to be exceptionally dependent on elevated eIF4F activity (32) . MMP-9 is a target of eIF4E, and its upregulation is associated with vascular and lymphatic invasion in EC (33) . Considering the results of the present study, it may be hypothesized that the inhibition of MMP-3 and MMP-9 expression may represent one of the mechanisms by which miR-320 and miR-340-5p prevent the invasion and migration of EC cells. This process may also be related to other mechanisms; in EMT, benign tumor cells acquire the capacity of invasion and metastasis and can infiltrate the surrounding tissues and eventually move to distant regions (34) . During EMT and tumor invasion, eIF4E has been identified to serve important roles, as it has been demonstrated to regulate the expression of a number of proteins involved in EMT and metastasis, such as MMP-3 and Snail (35). Smith et al (9) demonstrated that overexpression of eIF4E induced EMT in lung epithelial cells. TGF-β is a major regulator of the EMT (34) . In the present study, exogenous TGF-β1-induced EMT of HEC-1A cells was accompanied by an upregulation of p-eIF4E. These results suggested that eIF4E may promote a metastatic phenotype of EC, in part by regulating EMT. It was thus predicted that suppression of eIF4E may inhibit EMT in EC; transfection with either miR-320a or miR-340-5p mimics in EC cells prevented TGF-β1-induced changes in cell morphology and the upregulation of p-eIF4E. In addition, the expression of Snail was attenuated by miR-320a and miR-340-5p mimics. Snail, which is a key regulator of EMT, induces epithelial cells with migratory and invasive properties during tumor progression (36) , and several studies have confirmed that Snail stimulates invasion and metastasis of EC (37, 38) . Robichaud et al (35) have demonstrated that Snail is regulated by p-eIF4E. The results of the present study demonstrated that downregulation of Snail by either miR-320a/p-eIF4E or miR-40-5p/p-eIF4E may represent a part of the mechanism underlying the prevention of TGF-β1-induced EMT. In addition, the TGF-β1-induced downregulation of E-cadherin and upregulation of α-SMA were prevented in miR-320a or miR-340-5p mimic-treated cells. Figure 8 . miR-320a and miR-340-5p mimic treatment suppresses TGF-β1-induced epithelial-mesenchymal transition through the inhibition of p-eIF4E. (A, C and E) Western blotting analysis was performed to detect E-cadherin, α-SMA, Snail, p-eIF4E and eIF4E expression levels in HEC-1A cells transfected with the (A) miR-320a mimic, (B) miR-340-5p mimic or (C) si-eIF4E and treated with 10 ng/ml TGF-β1 for 48 h. (B, D and F) Quantification of E-cadherin, α-SMA, Snail, p-eIF4E and eIF4E relative expression levels in HEC-1A cells transfected with the (B) miR-320a mimic, (D) miR-340-5p mimic or (E) si-eIF4E and treated with 10 ng/ml TGF-β1 for 48 h (n=3). * P<0.05, ** P<0.01, *** P<0.001 and **** P<0.0001; NS, not significant. TGF-β1, transforming growth factor β1; eIF4E, eukaryotic translation initiation factor 4E; miR, microRNA; α-SMA, α-smooth muscle actin; p, phosphorylated; scrambled, cells treated with scrambled control RNA; miR-320a or miR-340-5p, cells treated with miR-320a or miR-340-5p mimics; si-eIF4E or si-control, cells treated with small interfering RNA specific to eIF4E or siRNA-control.
In conclusion, the results of the present study demonstrated that in EC, eIF4E was upregulated, whereas miR-320a and miR-340-5p were downregulated. Specifically, miR-320a and miR-340-5p mimics inhibited the proliferation and migration of EC cells in vitro by downregulating MMP-3 and MMP-9 expression and prevented the TGF-β1-induced EMT by targeting p-eIF4E. These results suggested that miR-320a and miR-340-5p may be potential therapeutic targets for EC treatment.
